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In a  preliminary  report  (!), we have already briefly described  the 
isolation of a  virus from the spinal fluid of two patients suffering from 
a  peculiar type of meningitis.  The object of the present paper is to 
give a detailed account of the clinical picture presented by the patients, 
the method by which the virus was obtained from their spinal fluids, 
and the facts that led us to consider the virus as the etiological agent 
of the disease. 
Case I 
W. E., N. Y. Hosp. No. 82075,  t white male, 3'1 years of age, was admitted to 
the New York Hospital, Dec. 22,  1934.  He was employed as a  painter at The 
Rockefeller Institute and had worked at different times in most of the laboratories. 
He had been well until 8 days before admission, when he developed malaise and 
generalized  aching; his young son  2 of 3 years had similar symptoms at the same 
time but rapidly recovered without obvious involvement of the central nervous 
system.  The patient remained in bed during the day following the onset of the 
illness,  and then returned to work in spite of a persistent feeling of fatigue and 
muscular pain.  His condition remained unchanged during the next 3  days, at 
the end of which time he developed a severe constricting headache and epigastric 
pain accompanied by loss of appetite.  Attempts to take nourishment, even orange 
juice,  resulted  in  vomiting, which,  however, was not  projectile.  The vomitus 
was brown and (~ntained a small amount of bright blood on one occasion.  On 
t We were  enabled  to  study and publish  a  report on  this ease through  the 
courtesy of Dr. Eugene Du Bois and Dr. Harold G. Wolff of the New York Hospi- 
tal. 
2 Unfortunately we have been unable to obtain permission from the parents 
to investigate the antiviral content of the child's blood. 
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the day of admission, 8 days after the first symptoms, and 3 days after the onset 
of the severe headache, he became drowsy, and, when examined by a physician, 
was found to have a  stiff neck, a  Kernig sign, and a  temperature of 102°F.  A 
tentative  diagnosis  of post-influenzal  encephalitis  was  made,  and  he  was  sent 
to the New York Hospital. 
Physical Examination.--Upon admission the patient's rectal temperature was 
104°F.,  pulse 110, respirations 34, and blood pressure 100/80 mm. Hg (Chart 1). 
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CHART 1.  Studies on Case I  (W.E.) during first 5 days in hospital. 
He was semistuporous, but could be aroused sufficiently to answer questions; he 
moaned at intervals and kept his eyes tightly shut; he tended to lie on his right 
side with thighs flexed on the abdomen, a position the legs still maintained when 
he was turned on his back.  No lead line was present;  there was no cutaneous 
evidence of herpes, and, apart from dry, crusted lips, the rest of the physical exam- 
ination, except for the nervous system, was negative. 
Neurological Examination.--Mentally he was coherent in spite of drowsiness; 
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arithmetic.  There was photophobia and some weakness of convergence; other- 
wise the cranial nerves were normal, and there were no changes in the optic fundi. 
There was definite but not marked nuchal rigidity, but Kernig's sign was absent. 
Motor power,  sensation, and  position sense appeared normal.  The biceps re- 
flexes were moderately active; the triceps reflex was obtained on the right but 
not on the left side.  Both knee jerks and ankle jerks were moderately active. 
Plantar, abdominal, and cremasteric reflexes were present and normal. 
Course.--A lumbar puncture performed on admission revealed a slightly turbid 
spinal fluid that was under increased pressure and contained 1700 cells per c.mm., 
mainly lymphocytes (Chart  1).  During the 24 hours after admission the knee 
jerks disappeared and the plantar reflexes became equivocally extensor in type. 
Within 4 days, however, the  knee  jerks  returned, the  left more  fully than  the 
right,  and  the  plantar  reflexes were only very transitorily abnormal.  During 
the first 4  days in hospital the lumbar puncture was repeated twice, following 
which the patient's general condition improved rapidly.  At the end of this time 
his temperature had fallen to the normal level (Chart 1) and he had no definite 
symptoms, although his neck was still stiff on examination.  During the first 16 
days in the hospital the patient's bowels were only moved with the aid of enemata, 
but at the end of that time he began to have spontaneous bowel movements, and 
thereafter, the intestinal motility remained normal.  By the 26th of January, 43 
days after onset, the cells in the spinal fluid had decreased in number until there 
were only 25 per c.mm.  At that time the patient was allowed to get up.  On 
Feb. 6, the spinal fluid showed only 8 cells per c.mm. and a heavy trace of globulin. 
On Feb. 7,  56 days after onset, since a  complete examination showed a  normal 
central nervous system, the patient was discharged from the hospital.  He has 
been back at work for 8 months and a  recent neurological examination revealed 
no abnormalities. 
Spinal Fluid.--Dec. 22, 1934:  slightly turbid, under increased pressure; cells, 
predominantly lymphocytes, 1700  per c.mm.; no  organisms could  be found in 
stained preparations or in cultures; protein 100 mg. per 100 cc.; sugar 39 mg. per 
100 cc.  Dec. 23:  turbid, under pressure of 115 mm. of water; 1200 cells per c.mm., 
97 per cent being lymphocytes.  Dec. 24:  clear, under pressure of 150-170 mm. 
of water;  1100 cells per c.mm., 95 per cent of which were lymphocytes; Nonne- 
Apelt test was positive; a  portion of the fluid was injected into a  guinea pig to 
test for the presence of tubercle bacilli, and the animal was found dead 16 days 
later with pulmonary congestion but no evidence of tuberculosis.  Dec. 31: slightly 
turbid; 740 cells per c.mm.; protein 100 mg. per 100 cc.; spinal fluid sugar 43 mg. 
per 100 cc., blood sugar 83 mg. per 100 cc.  Jan. 7, 1935:  clear; 100 cells per c.mm. 
Jan.  19:  pink, 35  cells per c.mm.  Jan. 26:  clear, with a  faint yellowish tinge; 
25 cells per c.mm.; protein 70 mg. per 100 cc.; sugar 68 nag. per 100 cc.; colloidal 
gold test  yielded 5554342100,  but  the  fluid was  xanthrochromic;  Wassermann 
test on 0.1 cc. of fluid was negative.  Feb. 6:  clear; 8 cells per c.mm.; an excess 
of globulin was present. 
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fluid  were  negative.  There  was  never  any  demonstrable  abnormality  in  the 
hydrodynamics of the spinal fluid. 
Bgood.--Dec. 22,  1934: hemoglobin  100 per  cent;  red  blood cells  5,300,000; 
white blood cells 8800; differential count yielded 40 per cent adult and 15 per cent 
immature polymorphonuclear neutrophils,  35 per cent lymphocytes, 9 per cent 
monocytes, and 1 per cent eosinophils.  Dec.  23: white blood cells, 5700; differen- 
tial count yielded 45 per cent adult and 12 per cent immature polymorphonuclear 
neutrophils, 44 per cent lymphocytes, 8 per cent monocytes, and 1 per cent eosino- 
phils; Kline test was negative; urea nitrogen 11 nag. per 100 cc.; blood sugar 71 
rag. per  100 cc.  Dec. 24: blood for culture was taken and remained sterile for 
5 days at 37°C.  Jan. 29, 1935: convalescent serum failed to neutralize the virus 
of the St. Louis type of encephalitis. 3 
Urine.--Normal. 
Search for Etiological Agent in Case I 
The clinical picture presented by the patient  suggested that he was 
suffering from a  meningitis, while the type of cellular reaction evident 
in  the  spinal  fluid,--in  which  ordinary  bacteria  were  not  demon- 
strated,--led  us to believe that the etiological agent might be a  virus. 
In order to test this idea blood and spinal fluid were collected from the 
patient  on the day after admission  for inoculation  into animals. 
Spinal Fluid.--4 or 5 cc. of slightly blood-stained spinal fluid were obtained on 
Dec. 23, 1934, and used, within 1 to 2 hours after collection, for the inoculation 
of mice.  4  Each of 6 mice received 0.03 cc. of the spinal fluid intracerebrally and 
0.5  cc.  intraperitoneally.  One of the animals on the 3rd day after inoculation 
was found to have a  streptococcal infection of the brain and was discarded.  Of 
the remaining 5 mice, 2 became sick on the 6th day after inoculation and were 
sacrificed for passage, 1 died on the 9th day and was discarded, and 2 became sick 
on the 9th day but recovered.  The brains of the animals that were killed on the 
6th day were removed aseptically.  Aerobic and anaerobic cultures made from 
the brains in broth showed no growth after incubation for 48 hours at 37°C.  At 
the end of this time, the brains, which in the interval had been kept at 5°C., were 
ground with Locke's solution into a 20 per cent emulsion which was used for the 
inoculation of 5 normal mice, 0.03 cc. and 0.25 cc. of the emulsion being given in- 
tracerebrally and intraperitoneally, respectively, into each of the animals.  One 
mouse died as a result of the inoculations.  Of the other 4, 2 died and 2 appeared 
sick on the 7th day after inoculation.  The sick mice were sacrificed and their 
brains were removed.  The brain from one of the mice that died was also removed. 
8 Dr. L. T. Webster tested for the presence, in W.E.'s and R.E.S.'s blood, of 
neutralizing antibodies against the St. Louis type of encephalitic virus. 
4 Albino Swiss  mice, usually 4-5 weeks old, were used. T.  F.  McN.  SCOTT AND  T.  ~f.  RIVERS  401 
All of the brains were found to be free from ordinary bacteria by means of aerobic 
and anaerobic cultures in broth.  0.03 cc. of a 20 per cent emulsion of these brains 
were inoculated into each of 5 normal mice by the intracerebral route alone.  All 
5 animals became ill on the 6th day after inoculation.  Since that time the active 
agent has been passed serially through 15 sets of mice by means of intracerebral 
iuoculations of emulsions, usually of 10 per cent strength, of mouse brains which 
have been shown to be free from ordinary bacteria. 
Bloo&--Blood drawn on Dec. 23 into a suitable amount of sterile heparin was 
used within 1 to 2 hours after collection for the inoculation of 6 mice, each animal 
receiving 0.03 cc. intracerebrally and 0.75 cc. intraperitoneally.  The mice were 
observed closely for a  month but showed no symptoms of ill health, and, when 
inoculated later with potent virus, were found to be susceptible. 
Ca~e  II 
R. E. S., Rockefeller Hospital No. 9373,  white male, 33 years of age, was ad- 
mitted to the Hospital of The Rockefeller Institute, Dec. 27,  1934.  He was on 
the scientific staff of The Rockefeller Institute at Princeton, N. J., and had been 
investigating several virus diseases of animals, including pseudorabies.  He had 
also been intimately exposed to mumps which his two children had contracted a 
fortnight previously.  The patient, however, had a definite history of having had 
the disease himself in childhood.  The present illness which at first was thought 
to be grippe started 12 days before admission with fever, headache, and generalized 
muscular pain.  By the 5th day after onset the symptoms had decreased to the 
extent  that he was able to return  to his laboratory where he worked all day. 
That evening he suddenly devdoped a  new and a  very severe headache, which 
steadily became worse during the next 5 days, and which was unrelieved by aspirin. 
He remained in bed, but sleep was considerably disturbed by pain.  He was able 
to  take or retain very little nourishment because of nausea and vomiting; the 
vomiting was  not projectile. Some photophobia and  pain on  moving the eyes 
were present during this time.  He again ran a fever, the exact extent of which 
was not known, but on one occasion his oral temperature was 101.4°F.  5 days 
after the onset of his second headache the patient developed stiffness, pain, and 
soreness of the muscles of his back.  He was then admitted to a hospital in Prince- 
ton with the diagnosis of influenza or brain tumor.  2 days later, 12 days after 
the onset of  his illness and 7 days  after the beginning of his second headache, 
he was transferred to the Hospital of The Rockefeller Institute with a  tentative 
diagnosis of encephalitis. 
Physical Exami~tion.--Upon  admission the patient's rectal temperature was 
100.2°F.,  pulse  72,  respirations  18,  and  blood pressure  112/78  ram.  Hg.  He 
showed evidences of a  moderate degree of dehydration; the mucous membranes 
of the mouth were dry and desquamating, and there was a glossitis of the anterior 
5th of the tongue.  There was a blotchy injection of the soft palate, and the nasal 
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mucopurulent discharge in the nose the septum of which deviated to  the left. 
Apart from the nervous system, no other abnormal physical signs were found. 
Neurological Examination.--Mentally  the patient was alert and  cooperative. 
There was a slow hippus of both pupils, and a haziness in the outline of the tem- 
poral borders of both optic discs, accompanied by fulness of the veins, was noted. 
Otherwise  the  cranial  nerves  were  normal.  There  was  definite  slight  nuchal 
rigidity, but the presence of a Kernig's sign was questionable.  Motor power and 
sense of position were normal, but a careful sensory examination revealed an area 
in the right lumbar region, supplied by the posterior branches of the 7th to 10th 
dorsal nerves, in  which  there was  some  diminution of sensation  to  pin  prick. 
Definite tenderness to pressure over the erector spinae muscles was noted, and at 
times a mass contraction of these groups of muscles could be elicited by stroking 
the skin of the back.  There was also tenderness along the costal margin and in 
the abdominal muscles on the right side.  The deep reflexes throughout the body 
were moderately hyperactive, but could not be considered pathological.  Babin- 
ski's sign was not obtained.  The abdominal reflexes were at times readily elicited, 
but at other times were unobtainable in certain segments.  Cremasteric reflexes 
were normal. 
Course.--The spinal fluid, obtained on admission, was under normal pressure, 
was opalescent, and contained 720 mononuclear cells per c.mm. and an increased 
amount  of globulin.  Following lumbar puncture and the intravenous injection 
on  two occasions of 50.0  cc. of a  50  per cent solution of glucose, the patient's 
headache diminished in severity and  the nausea  disappeared entirely.  He was 
then able to enjoy and retain a normal diet. and his appetite rapidly returned to 
its usual excellence.  The muscular tenderness continued for about 6 days gradu- 
ally getting less, while the hypoesthesia over the back lasted for 3 weeks.  During 
this time the patient occasionally  complained of pain in a small area in each axilla, 
but these subjective phenomena were unassociated with abnormal physical find- 
ings.  The  temperature fell to normal within 48  hours  after  admission to  the 
hospital; the pulse rate remained relatively slow, averaging between 60 and  70 
per minute for the first 14 days, his normal rate being between 70 and 80.  Some 
stiffness of the neck remained for 16 days.  During the first 15 days in hospital, 
he experienced a good deal of abdominal distention, and his bowels did not move 
except with the aid of enemata, but after this time they moved spontaneously. 
Lumbar punctures were performed 4 times during the course of the illness, and on 
each occasion the amount of pleocytosis in the spinal fluid was less  than that re- 
vealed by the preceding puncture.  The patient was allowed to sit up and be out 
of bed 29 and 43 days, respectively, after the onset of illness.  On Jan. 25, 2 days 
before he got up, the spinal fluid still contained 17 mononuclear cells per c.mm. 
and an increased amount of protein.  On Feb. 3, 1935, 49 days after the onset of 
the illness, he was discharged at which time his physical examination was entirely 
negative except for some weakness induced by the long stay in bed.  Following 
return to work he noticed some intention tremor of the right hand which lasted 
3 months.  On Sep. 20, 1935, the patient was free from symptoms and a neurologi- 
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Spinal Fluid.--Dec.  27, 1934: slightly opalescent and under a pressure of 60 
mm. of water; Pandy positive; 720 cells per c.mm., of which 82 and 18 per cent 
were small and  large mononuclear elements, respectively.  No organisms were 
demonstrated in stained preparations or by means of cultures.  A very fine pellicle 
formed on standing.  The guinea pig inoculated with the fluid revealed no  evi- 
dences of tuberculosis after being observed for  6  weeks.  Jan.  3,  1935: clear, 
under normal pressure; Pandy positive; 185 cells per c.mm., of which 67 per cent 
were small and 33 per cent were large mononuclear elements; colloidal gold reac- 
tion was weakly positive, 1233321000.  Jan.  14:  dear, under normal pressure; 
Pandy positive; 55 cells per c.mm., of which 92 per cent were small mononuclear 
cells, 4 per cent large mononuclear dements, and 4 per cent polymorphonuclear 
cells.  Colloidal gold reaction was 1221000000.  Jan. 25:  clear; Pandy positive; 
17 cells per c.mm.; a few fresh red blood cells were present; colloidal gold reaction 
was 0122100000;  Wassermann reaction was negative. 
The hydrodynamics of the spinal fluid were always normal. 
Blood.--Dec. 25, 1934 (Princeton Hospital): white blood cells 7100; differen- 
tial count revealed 81 per cent polymorphonuclear neutrophils, 17 per cent lym- 
phocytes, 2 per cent monocytes, and 2 per cent eosinophils.  Dec.  28:  hemoglobin 
(Sahli) 96 per cent; red blood cells 5,600,000  per c.mm.; white blood cells 9900 
per c.mm.; differential count revealed 79 per cent polymorphonuclear neutrophils, 
15 per cent lymphocytes, 4 per cent monocytes, 1 per cent eosinophils, and 1  per 
cent basophfls; the blood culture remained sterile for 6 days at 37°C.; a reading of 
the Wassermann reaction was not possible because the serum was anticomplemen- 
tary; Kahn test was negative.  Jan. 29, 1935: convalescent serum failed to neu- 
tralize the virus of the St. Louis type of encephalitis.* 
Urine.--Normal. 
Search for Etiological A gent in Case H 
Because  the  clinical picture  presented  by  R.E.S.  was  similar  to 
that  described  for  W.E.,  cerebrospinal fluid and blood were also col- 
lected from him on  admission for inoculation into  animals. 
Spinal Fluid.--Approximately  10.0  cc. of an opalescent spinal fluid were ob- 
tained from the patient on admission, Dec. 27, 1934, and were used within 2 hours 
after collection for the inoculation of mice  4 and rabbits. 
Mice.--Each of 6 mice was inoculated intracerebrally with 0.03 cc. and intra- 
peritoneally with 0.25 cc. of spinal fluid.  While the animals were still under ether 
anesthesia, 0.02 cc. of the spinal fluid were dropped into the nostrils of each one. 
On the 8th day after inoculation 1 mouse was found dead; the other 5 appeared 
perfectly well and remained so.  The brain of the mouse that died was removed 
aseptically, and aerobic and anaerobic cultures made from it in broth were found 
to be free from ordinary bacteria after incubation at 37°C.  for 24 hours.  The 
brain, which, in the meantime, had been kept at 5°C. was ground with Locke's 
solution into a 20 per cent emulsion of which 0.03 cc. and 0.12 to 0.25 cc., respec- 404  vn~vs  MENINGITIS  IN  MAN.  I 
tively, were injected intracerebrally and intraperitoneally into each of 5 normal 
mice.  4 of the animals became sick on the 7th day after incoulation.  3 of the 
sick animals were sacrificed and their brains, removed aseptically and found to be 
free from ordinary bacteria by means of cultures, were ground into a  10 per cent 
emulsion which was used for the inoculation of another 6 mice.  At this time only 
intracerebral inoculations were performed, 0.03 cc. of the emulsion being used for 
each animal.  All 6 mice were sick on the 7th day, and a bacteria-free emulsion 
of their brains caused sickness in still another group of normal mice.  By means 
of intracerebral inoculation of, as a  rule, a  10 per cent emulsion of sterile mouse 
brain, the active agent has been transmitted serially through 23  lots of mice. 
A second specimen of spinal fluid, taken on Jan.  14, 1935,  1 month after onset, 
and containing 55 ceils per c.mm., was inoculated intracerebrally (0.03  cc.) into 
6 mice.  None of the animals showed any symptoms during 17 days of observa- 
tion.  They were used in reinoculation experiments described later in the paper 
and were found to be susceptible to the active agent under investigation. 
Rabbits.--A rabbit was inoculated intracutaneously with the spinal fluid col- 
lected from the patient on admission, but showed no symptoms during a period of 
observation lasting 3 weeks. 
Blood.--The first sample of blood that was investigated was collected by Dr. 
TenBroeck at the onset of the patient's illness, 12 days before admission to the 
Rockefeller Hospital, and was stored in an ice box.  After being on ice for  12 
days some of the whole clotted blood was used for the inoculation of animals. 
Then the remaining material was separated into clot and serum, and the 2 por- 
tions were kept under vaseline seals in an ice box for 3 weeks at which time they 
were used for injections into animals. 
Guinea Pigs.--Each of 2 guinea pigs received intracerebrally 0.1 cc. of an emul- 
sion of the clotted blood that  had  been  stored  12  days.  5  One  of the animals 
showed no evidences of illness and was later found to be susceptible to potent 
virus.  The other one had a slight amount of fever on the 4th and 5th days after 
inoculation and  was sacrificed for passage.  Of a  sterile emulsion of this pig's 
brain, 0.1 ec. were given intracerebrally to one pig, and 1.0 cc. were injected into 
the subcutaneous tissues of the pads of the feet of another pig.  Neither animal 
became sick. 
Rabbits.---One  rabbit received intracerebrally 0.1  cc.  of an  emulsion of  the 
clotted blood stored for 12  days, while another animal was given 8.0 cc. subcu- 
taneously.  Neither rabbit became ill. 
Mice.--Mter the clot, separated from the serum, had been stored for 3 weeks, 
it was found to have undergone liquefaction.  Each of 12 mice received 0.03  cc. 
and 0.5 cc. intracerebrally and intraperitoneally, respectively, of the liquefied ma- 
terial.  At the same time, 6  other mice received in a  similar manner injections 
of the serum.  None of the mice became sick, and, when the 12 that received the 
s Dr.  Carl TenBroeck performed these inoculations. T. F.  MEN.  SCOTT  AND  T.  M.  RIVERS  405 
liquefied clot were subsequently tested with potent virus, they were found to be 
susceptible. 
A second specimen of blood was collected from the patient on admission to the 
Rockefeller Hospital.  Clotting was prevented by a suitable amount of a sterile 
0.1 per cent solution of heparin, and then the blood was used, within 2 hours of 
withdrawal,  for the inoculation of 6 mice and a rabbit. 
Mice.--Each  of 6 mice received 0.03 cc. intracerebrally and 1.0 cc. intraperi- 
toneally, respectively,  of the heparinized blood.  2 mice died as a result of  the 
inoculation  and were discarded;  1 was found dead 3 days after inoculation,  and 
its brain was removed for passage.  After the brain was found to be free from 
ordinary bacteria, a 15 per cent emulsion was prepared and injected intracerebraUy 
(0.03 cc.), intraperitoneally (0.12 cc.), and intranasany  (0.02 cc.)  into each of 5 
mice.  None of the animals became sick while under observation for 3 weeks and 
all of them were later shown to be susceptible to potent virus.  Of the 6 original 
mice that were inoculated with blood, the 3 survivors never showed any evidences 
of illness while under observation for 4 weeks and later were found to be susceptible 
to  potent virus. 
Rabbits.--A rabbit received 0.25 cc. of the heparinized  blood intracutaneously 
and remained well throughout the period of observation. 
Evidence That the Active Agents Were  Obtained  from the Patients' Spinal 
Fluids 
From the experiments described above we were led to believe that an 
active agent transmissible in mice had been obtained from the spinal 
fluid of W.E.  and of R.E.S.,  and  that  the  blood  streams of the pa- 
tients were free from demonstrable amounts of such agents at the time 
tests were made.  Materials  containing the  active  agents  were  free 
from  ordinary  bacteria,  and  they  produced  lesions  in  animals  not 
unlike those caused by known viruses.  In the paper that immediately 
follows (2) adequate evidence of the viral nature of the agents will be 
presented.  Therefore, in  the  meantime,  they  will  be  spoken  of  as 
viruses for convenience.  Furthermore, inasmuch as the active agents 
obtained from the  spinal  fluids of the two patients acted in a  similar 
manner,  we  immediately suspected  that  they represented strains  of 
the same virus or closely related viruses.  This proved to be the case 
as will be shown by the evidence presented later in the paper. 
In spite of our belief that the viruses were obtained from the spinal 
fluids of the patients, evidence had to be brought not only that such 
was the case but that, even though the viruses were in the spinal fluids, 
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were suffering.  The necessity that such evidence must be sought was 
emphasized by the facts (a) that Theiler (3) in 1934 described a spon- 
taneous virus disease in mice characterized by paralysis of the extremi- 
ties, (b) that Traub (4) in 1935 reported that he was able by the injec- 
tions of inert materials into the brains of normal looking stock mice 
to demonstrate the presence of a latent virus capable of causing neuro- 
logical  symptoms similar  to  those  shown by our sick mice,  and  (c) 
that Flexner (5) obtained the virus of herpes simplex from the spinal 
fluid of a patient being treated for meningo-vascular syphilis, but show- 
ing no evidence of acute involvement of the central nervous system. 
A spontaneous virus disease lying dormant in a colony of mice may 
manifest itself by the occasional presence of a  sick animal or by the 
presence of a certain number of immune individuals.  With regard to 
the first contingency, if the virus is inactive in the nervous system until 
activated by some insult  to the brain,  then  symptoms should be in- 
duced by the intracerebral injections of a variety of materials.  With 
regard to the presence of immune mice in the colony, there are two 
possibilities,  in the first place, a  virus may not be entirely inactive 
and may cause a  very mild disease from which recovery resulting  in 
immunity takes place.  Secondly, it is conceivable that  inoculations 
of inert or noninfectious materials may activate a latent virus to such 
an extent that it will produce a subclinical infection sufficient to render 
an  animal  resistant  to potent virus  administered  subsequently.  In 
either  case  immune  animals  should  be  encountered  in  a  fortuitous 
manner  among the  mice used either for primary  inoculations or for 
reinoculations.  The  results of many  experiments,  briefly presented 
below, clearly show that  neither  illness caused by a  virus similar  to 
ours  nor  immunity  to  it  was fortuitously encountered  in  the  stock 
mice during the period, 9 months, of investigation. 
During  this period we have had the opportunity of examining materials from 
23 patients  by means of mouse inoculations.  The patients  presented a variety 
of clinical pictures;  7 of them fell under the clinical diagnosis of "acute aseptic 
meningitis," 6 belonged to the group of encephalitides that follow infectious dis- 
eases or vaccination (measles 2, German measles 2, mumps 1, antirabic vaccina- 
tion 1), 2 had encephalitis (1 Economo's and 1 unclassified), 2 had an unclassified 
lymphocytic meningitis, 2 had multiple sclerosis, 1 had herpes zoster, 1 had acute 
poliomyelitis, 1 had  an ascending paralysis of the Landry  type,  and  1 had  no 
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In the course of this study we have inoculated 221 mice intracerebrally with 
materials, e.g., spinal fluid, blood, brain, derived directly from the patients.  Into 
111  more mice we have injected intracerebrally materials, e.g., brain  emulsions, 
blood,  spinal fluid,  derived from the animals originally  inoculated  from the pa- 
tients.  In none of the 332 mice so inoculated were any symptoms of disease pro- 
duced.  Mter an interval of 3 or more weeks, 237 of them were reinoculated in- 
tracerebrally with potent virus and without exception were found to be susceptible. 
The failure of the mice to become sick after the inoculation of mate- 
rials  from  such  a  variety  of  clinical  conditions  indicates  that  the 
mice that became ill following intracerebral inoculations of spinal fluid 
from W.E.  and  R.E.S.  did  so  because  of  the presence of a  virus in 
the  fluids. 
Further evidence that we obtained the virus from the spinal fluid of 
W.E.  and  R.E.S.,  instead  of picking it up from the mice used in the 
work,  is afforded by the  solid immunity  exhibited  by the  mice that 
received injections of their  spinal fluid,  became sick,  and  recovered, 
or developed no definite signs of illness.  In the reinoculation test for 
immunity,  described  below,  in  the  mice  that  had  received  W.E.'s 
spinal  fluid  and  had  recovered  after  an  illness,  we  included  several 
other  groups of mice,  some of which  had  been  given,  several weeks 
previously, materials known to contain virus and others, such as nor- 
mal stock mice, that had never been inoculated.  A  similar procedure 
was followed with R.E.S.'s mice and virus. 
The following groups of mice were injected intracerebrally (0.03 cc.)  with po- 
tent  W.E.  virus  contained  in  an  emulsion  prepared from an  infected mouse 
brain:  (a)  2 mice that had recovered from an illness produced by  intracerebral 
injections  of spinal  fluid  removed from W.E.  on admission to the hospital;  (b) 
6 mice that had received intracerebral injections of blood taken from the patient 
on admission and had exhibited no signs of illness; (c) 5 mice that had been inocu- 
lated intranasally with an emulsion of a virus-infected mouse brain, and had shown 
no evidences of sickness;  (d) 4 mice that had been injected intraperitoneally with 
an emulsion of liver taken from an infected mouse and had remained without signs 
of illness while under observation; (e) 5 normal stock mice.  All animals that had 
received  W.E.'s spinal fluid or tissues known to contain active virus were found 
upon reinoculation with potent virus to be immune, while none of the normal mice 
or mice that had received W.E.'s blood was resistant (Table I). 
The following groups of mice were injected intracerebrally (0.03 cc.~ with po- 
tent R.E.S. virus contained in an emulsion prepared from an infected mouse brain: 
(a) 5 mice that had been inoculated intracerebrally with spinal fluid obtained from 408  VIRUS  MENINGITIS  IN  MAN.  I 
R.E.S. on admission to the hospital 12 days after onset of disease, and had shown 
no signs of illness: (b) 6 mice that remained well after receiving intracerebral in- 
jections of R.E.S.'s spinal fluid collected  18 days after admission to the hospital 
30 days after onset of illness; (c) 11 mice that had been injected with blood taken 
from R.E.S. at the onset of illness, 12 days before admission, and had remained 
TABLE  I 
Results of Reinoculation Experiment  Supporting  Other Evidence That  the  Viruses 
Were Obtained  from W. E. and R.  E. S.'s Spinal Fluid 
Work with W. E. virus  Work with R. E. S. virus 
Original inoeula 
Admission  spinal  fluid, 
W.E. 
Admission blood, W. E. 
Infected mouse brain, in- 
tranasally 
Infected  mouse liver,  in- 
traperitoneally 
None, control 
Re~uoculated, 
intracerebrally, 
with W. E  virus 
Sick  Dead 
0/2  0/2 
6/6  5/6 
o/s  o/s 
0/4  0/4 
5/5  4/5 
Original inocula 
Admission  spinal  fluid, 
R. E. S. 
Spinal fluid taken 4 wks. 
after onset, R. E. S. 
Blood  taken  at  onset, 
R. E. S. 
Admission blood, R. E. S. 
Infected mouse  liver, in- 
traperitoneally 
Infected mouse liver, sub- 
cutaneously 
None, control 
Reinoculated, 
intracerebrally, 
with R. E. S. 
virus 
Sick  Dead 
o/5  o/s 
6/6  5/6 
11/11  9/11 
3/3  0/3 
o/s  o/s 
o/s  0/5 
6/6  2/6 
The  results of  the experiment are  expressed as fractions, the  denominator~ 
representing the number of mice inoculated, the numerators  the number of mice 
either sick or dead. 
well; (d) 6 mice that had received blood taken from R.E.S. on admission and had 
remained well; (e)  5 mice that had been inoculated  intraperitoneally with virus- 
infected n~ouse liver and had shown no signs of illness; (j0 5 mice that had received 
subcutaneous  injections of  virus-infected mouse  liver and  had  remained  well; 
(g) 6 normal mice.  All of the mice that had received R.E.S.'s original spinal fluid T.  IF.  McN.  SCOTT  AND  T.  ~f.  RIVERS  409 
or tissues known to  contain virus were found upon reinoculation with potent 
virus to be immune, while none of the normal  mice or mice that had been injected 
with R.E.S.'s blood or second spinal fluid was resistant (Table I). 
The  results  of  the  reinoculation experiments just  described,  and 
summarized in  Table  I,  dearly  show  that  immune mice  were  not 
encountered in a fortuitous manner; all of the mice in each group were 
either resistant or susceptible.  The results of many other reinocula- 
tion experiments and investigations in which numerous primary injec- 
tions have been made, attest the fact that our stock mice are  free 
from the virus under investigation.  Consequently, one can look upon 
the results of the experiments shown in Table I as additional evidence 
that the virus with which we  are  now working was present in  the 
spinal fluid of W.E. and R.E.S. on admission to the hospital, that it 
was not present  in  demonstrable  amounts  in  R.E.S.'s  spinal  fluid 
18 days after admission, 30 days after the onset of illness, and that 
it was not demonstrable in the blood of either patient upon admission. 
Evidence  That the W.E. and R.E.S.  Viruses Are Identical 
Even from the brief descriptions that have been given of the action 
of the viruses obtained from W.E. and R.E.S., it might be suspected 
that they are identical or closely related.  Furthermore, the clinical 
pictures presented by the patients were sufficiently similar to make 
it inevitable that we should recognize the possibility of a close relation 
between  the  causal  agents  and  immediately attempt  to  determine 
whether such was the case. 
5 mice, that had been inoculated with W.E.'s  virus and had recovered, were 
then reinoculated  with the same strain of virus and found to be immune.  Follow- 
ing this, the animals were again reinoculated.  Upon  this occasion, R.E.S. virus 
was administered  intracerebrally,  and 5 normal stock mice were also inocttlated  in 
a similar manner as controls.  5 mice that had been shown  by means of reinocula- 
tions to be immune to R.E.S.'s virus and 6 normal stock mice (controls) received 
intracerebrally injections of a  10 per cent emulsion  prepared from a mouse brain 
known to contain potent W.E. virus. 
The  results  of  the  above  experiments,  summarized in  Table  II, 
show that all of the  11  control mice became sick in a  characteristic 
manner, and 4  of them died, while none of the mice immune to the 
homologous strain of virus became ill as a  result of injections of the 410  VIRUS  MENINGITIS  IN  MAN.  I 
heterologous  strain  of  active  agent.  This  type  of  experiment  has 
been  repeated  on  several  occasions  with  similar  results  and  shows 
clearly that the W.E. virus is identical or closely related to the R.E.S. 
strain.  Further  immunological  evidence  that  the  2  strains  are  of 
an identical nature can be found in the results of the experiments on 
cross-neutralization  presented  later in  this paper  (Table III)  and  in 
the communication that immediately follows (2). 
TABLE  II 
Results of Experiment to Test by Reinoculation the Immunological Relation of the 
W. E. to the R. E. S. Virus 
Condition of mice 
Immune to W. E. virus 
Normal, control 
Reinoculated with 
R. E. S. virus 
Sick  Dead 
5/5  2/5* 
Condition of mice 
Immune to R. E. S. vires 
Normal, control 
Reinoculated with 
W. E. virus 
Sick  nea__._~d 
0/5 
6/6  2/6* 
The  results of the experiment are expressed as fractions,  the denominators 
representing the number of mice inoculated, the numerators  the number of mice 
either sick or dead. 
* Remainder sacrificed for passage virus. 
Evidence  That the  Virus Found in the Spinal Fluids Was Etiologically 
Related to the Disease  of the Patients 
It is conceivable that the virus in the spinal fluids was not the cause 
of  the  disease  of the  patients  but  appeared  there  accidentally.  If 
that  were  true,  at  least  two  possibilities  regarding  the  presence  in 
the  patients  of  humoral  neutralizing  antibodies  against  the  virus 
would be obvious.  In the  first place,  if the  virus did not multiply 
sufficiently in the body of the hosts, or if it caused no reaction, then 
one might expect to find no humoral antibodies in our patients either 
during  the  illness  or  in  convalescence.  If,  on  the  other  hand,  the 
virus, having caused an infection in the hosts at some previous time, 
had persisted in them to appear accidentally in the spinal fluids, one 
would expect to find humoral antibodies against it at the very begin- 
ning  of the  illness as well as during  convalescence.  In  view of the T.  F.  ]V~cN.  SCOTT  AND  T.  M.  RIVERS  411 
fact that we know of no phenomenon similar to the Well-Felix reaction 
in connection with virus diseases, we assume that the absence of anti- 
viral antibodies at the onset of an illness and their appearance during 
convalescence are  of some  significance as regards the  etiology of a 
disease under investigation.  With these ideas in mind we looked for 
the presence of neutralizing antibodies in samples of blood collected 
from the patients early in the course of their illness and during con- 
valescence. 
Before describing the neutralization experiments, it is necessary to 
state that guinea pigs are highly susceptible to the virus administered 
either intracerebrally or subcutaneously, almost all of the pigs dying 
upon injection of the  active agent by either route.  The details of 
this work appear in the paper that follows immediately (2).  Inas- 
much as it was easier to interpret the results of neutralization tests 
when the mixtures of virus and serum were injected into young guinea 
pigs instead of mice, the former animals were used in much of this 
kind of work. 
A 10 per cent emulsion  of a virus-infected  guinea pig brain free from  ordinary 
bacteria was prepared with a diluent consisting  of 10 per cent human ascitic fluid 
in Locke's solution, and then centrifuged  at full speed for 15-20 minutes.  Serial 
10-fold dilutions of the supernatant fluid were made with the  diluent described 
above, the highest dilution being 10  -3.  0.25  cc. of each dilution of virus, ranging 
from 10  -1 to 10  -s, were mixed with an equal amount of each sample of serum 
under investigation and allowed to stand at room temperature for 5 or 6 hours. 
Then each mixture, 0.5 cc., was injected subcutaneously into  a separate guinea 
pig.  Daily observations of the guinea pigs including the recording of tempera- 
tures were made for 21 days or until the animals died. 
The results of the experiment summarized in Table III show that 
the serum from neither patient possessed neutralizing antibodies at 
the onset or early in the course of the disease, while sera from both 
patients neutralized at least 100 lethal doses of the virus 9 to 11 weeks 
later.  The experiment was repeated with the same samples of serum 
as  well  as  with  specimens  collected  from  the  patients  at  different 
times.  The fact that antibodies against the virus were not present 
early in the course of the disease but were found during convalescence 
has been interpreted by us as indicating that the virus was etiologi- 412  viers  MENINGITIS IN  MAN.  I 
cally  related to disease of the patients from whose spinal fluids it was 
obtained. 
It is important to note that the antibodies were demonstrated in 
samples  of  blood  taken well  along in  convalescence, 9th  and  llth 
weeks,  respectively.  An  attempt  was  made  to  demonstrate  anti- 
bodies in R.E.S.'s serum 6 weeks after the onset without much suc- 
cess.  It  appears,  therefore, that  antibodies against the  virus  may 
develop  slowly and  that  premature  tests  may fail  to  reveal  their 
presence which would be demonstrable at a later date. 
TABLE III 
Results of Neutralization  Tests Conducted with Samples of Serum Taken/tom W. E. 
and R. E. S. Early in the Course of Illness and During Convalescence 
Tests with W. E. serum 
Dilution 
of virus 
Tests with R. E. S. serum 
Serum taken I 
Dec. 23,  [ 
1934, 9 days [ 
__  afteronset  ] 
Io 1°-'  I 
10  .3  Not done I  [ 
Serum taken I 
Serum taken Mar.  7,  1935,  Dec. 15,  ] 
11 weeks after onset  1934, at 
onset 
No fever,  survived  Died 
Transient fever, survived 
No fever, survived  II  "  ] 
Serum taken Feb.  19, 1935, 
9 weeks after onset 
Typical illness, died 
No fever, survived 
Tests were conducted in the manner described in the text.  An emulsion of 
guinea pig brain infected with W. E. virus was used for the tests with the samples 
of serum from both patients, W. E. and R. E. S. 
DISCUSSION 
Inasmuch as the results  of experimental studies on the character 
of our active agent and a comparison of its characteristics with those 
of other known viruses appear in the paper that immediately follows 
(2),  and since the  question of the distribution of the virus and its 
relation to disease in man and lower animals is also considered in the 
same paper, a  general discussion has been reserved for that commu- 
nication.  At this time, however, it seems advisable to call attention 
to several interesting facts.  Most of the spontaneous virus diseases 
of the human central nervous system that have been described in the 
past  seem primarily to attack the  substance of the brain  and cord 
and to involve the meninges, if at all, in a  secondary manner.  In 
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point to the fact that the main part,  if not all,  of the insult to the 
central nervous system was borne by the meninges. 
In  investigations of  neurological maladies,  it  is natural  that  the 
spinal fluid should come in for its share of interest  and that many 
attempts should have been made to discover viruses in it responsible 
for the particular  diseases being studied.  Only upon rare occasions 
has a  virus been isolated from the spinal fluid.  In certain instances, 
the evidence of the viral nature of the agent obtained has not been 
adequate; in others, definite viruses have been isolated, but no con- 
clusive evidence has  been  presented that  they were  present  in  the 
spinal  fluid instead  of  contaminating blood,  or  that  their  presence 
was  of  etiological  significance instead  of  an  incidental  finding.  In 
the first group can be placed Kobayashi's work (6)  on the Japanese 
type B encephalitis and Eckstein's (7) investigations on serous menin- 
gitis.  In the  second group belong the  experiments of  Gildemeister 
(8) and Eckstein, Herzberg-Kremmer, and Herzberg (9)  on encepha- 
litis following vaccination against  smallpox,  and,  as pointed out  by 
Flexner (5), all the work on epidemic or lethargic encephalitis in which 
herpes  simplex virus  was  isolated.  It  is possible  that  Breinl  (10) 
obtained  a  virus  of  etiological significance from  the  spinal fluid of 
a  patient with Australian X  disease, but he did not carry it  further 
than  the  first  generation in  experimental  animals  (monkeys).  Re- 
ports in the literature  fail to provide definite evidence  that  a  virus 
can exert most, if not all,  of its harmful action against the meninges 
of the human brain  and cord and be found in the spinal fluid of an 
infected individual,  but we believe that sufficient evidence has been 
presented in  the  present  paper  to  convince one  that  such  a  virus 
disease of man exists. 
SUMMARY  AND  CONCLUSIONS 
The clinical pictures presented by two men suffering from an acute 
bacteria-free  lymphocytic meningitis,  and  the  method of  obtaining 
a  virus from their spinal fluids were described.  Evidence was then 
adduced to show that the virus was really in the spinal fluids, that the 
strains  of  virus  obtained  from  the  two  patients  were  identical  or 
closely  related,  and  that  the  active  agent  in  the  spinal  fluids was 
etiologically significant. 414  VIRUS MENINGITIS IN  MAN.  I 
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